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A STUDY OF METHODS OF DETERMINING 
SOIL ALKALI 
By 
D. W. PITTMAN 
There is a great lack of uniformity in the methods of testing 
soils for alkali salts and in the forms of expressing the results 
in a way that will show the relative toxicity of the salts. This 
has been pointed out by numerous investigators and has been 
shown to complicate the determinations so much that the results 
of different investigators are hardly comparable. It is of further 
disadvantage in that the toxic limits of an alkali as worked out 
by one system of analysis are often difficultly applicable to a soil 
that has been tested by another system. However, it is not easy 
to establish an arbitrary standard method because each method 
has advantages and disadvantages and each investigator probably 
uses the method that is most adapted to his own problem. It is 
doubtful if any methods now in use really give an accurate con-
ception of the actual aikali composition of the soil solution. This 
bulletin reports some comparisons of different methods of testing 
alkali soils both as to results and relative variability, a study of 
some of the irregularities in the water-extraction method of test-
ing for sodium carbonate, and a study of crop germination as an 
indication of alkalinity. From these it endeavors to establish not 
the accuracy of any method of testing a soil for alkali, but if 
possible so:mething of the toxic limits of alkali soils as shown by 
various tests with some idea as to the relative variations in the 
results. 
LITERATURE 
There are three general methods of determining the alkali 
content of a soil: (1) chemical analysis of a water extraction of 
the soil, (2) the electrical conductivity of the soil, and (3) the 
freezing point depression of the soil. 
Many of the earlier investigators e), (2) determined the 
alkali content of the soil by leaching each sample "with fresh por-
tions of water so long as they yield either chI orin or SUlphuric 
acid to the water" and analyzing the leachings. Since this meth-
od was slow and cumbersome, it was soon replaced by methods 
(1) Hilgard, E . W. and Loughridge, R. H.-"Distribution of Salts in 
Alkali Soils." Cal. Sta. Bul. 108. 
(2) Headden, W. P.-"A Soil Study, Pt. III". Colo . Sta. Bul. 65. 
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(8), (4), (5), (6), (7), (8), (9), (10) of digesting the soil with 
several times its mass of water and analyzing definite aliquots of 
the extract so obtained. 
The electrical method has been developed largely by the U. S. 
Department of Agriculture, Bureau of Soils, and is reported by 
them in three publications (11), (12) (13). An adaptation to 
special conditions is given by Beam and Freak (14). 
The freezing point method is rather new, having recently been 
developed by Bouyoucos and McCool (15), (Hl ), (17). 
The Arizona Station (0) conducted a comparative test of 
some of the different modifications of the method of testing for 
alkali in a soil by water extraction and found that the results 
obtained by seven different methods of testing the soil and of 
expressing the results varied greatly, especially with respect to 
the carbonate test which, by some methods, would show more 
than the toxic limit while another method applied to the same 
soil would show no alkali carbonate at all. In general, those 
( 3) Cameron, F. K.- "Application of the Theory of Solution to the 
Study of Soils." U. S. D . "A. Bur. of Soils Rpt. 64, pp. 198. 
(4) Slosson, E. E.- "The Distribution of Alkali in the Soil of the Ex-
periment Farm." Wyo. Sta. Rpt. 1900, Vol. 12, p. 1022. 
(5) Cameron, F. K.- "Estimation of Alkali Carbonates in the Presence 
of Bicarbonates." Amer. Chern. Jr. 23 (1900), No.6, pp. 
471-486. 
(6) Loughridge, R. H.- "Tolerance of Alkali by Various Cultures." 
Cal. Sta. Bul. 1 33 . 
(7 ) Skinner, W. W.- "A Method for the Determination of Black Alkali 
in Irrigating Waters and Soil Extracts." Jr. Am. Chern. Soc. 
28 (1906), No.1, pp. 77-80 . 
( 8 ) Tillmans, J. and Heublein, O.-"The Titration of Alkali Carbonates 
beside Hydroxids or Bicarbonates." Ztschr, Angew. Chern. 24, 
No. 19, pp. 874-876. 
( 9) Vinson and Catlin-"Study of Methods Used in Alkali Determina-
tions." Ariz. Sta. Ann. Rpt. No. 24, p. 276. 
( 10 ) Hare, R. F.- "A Review and Discussion of Some of the Methods for 
the Determination of Alkali in Soils." N. Mex. Sta. Bul. 95. (11) Whitney, M. and Means, T. H .-"An Electrical Method of Determ-
ining the Soluble Salt Content of Soils." U. S. D. A. Bur. of 
Soils Bul. 8. 
(12) Briggs, L. J.-"Electrical Instruments for Determining Moisture, 
Temperature, and Soluble Salt Content of Soils." U . S. D. A. 
Bur. of Soils Bul. 15. 
(13) Whitney, M.-"Instructions for Determining in the Field the Salt 
Content of Alkali Waters and Soils."-U . S. D. A. Bur. of Soils 
Cir. 6. 
(14) Beam, W . and Freak, G. A.-"An Improvement in the Electrical 
Method of Determining Salt in a Soil." Cairo Sci. Jour. 8 
(1914), No. 93, pp. 130-133 . 
(1 5) Bouyoucos, G. J. and McCool , M. M.-"The Freezing Point Method 
as a New Means of Measuring the Concentration of the Soil So-
lution Directly in the Soil. " Mich. Sta. Tech. Bul. 24. 
(16) "Further Studies on the Freezing Point 
Lowering of Soils." Mich. Sta. Tech. Bul. 3l. 
(17) "Determining the Absolute Salt Content 
of Soils by Means of the Freezing Point Method." Jour. Agr. 
Rseh. 15 (1918), No.6, pp. 331-336 . 
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methods employing a large ·proportion of water to soil or allowing 
a long period of time to reach an equilibrium gave higher results, 
especially with the carbonates. This is to be expected since under 
these conditions a larger amount of the calcium, magnesium, .and 
other less readily soluble salts would be extracted. The "Arizona 
Method", using hot water in large dilution with a long period of 
digestion, naturally gives the highest results . . There might be 
some question as to whether salts extracted by so strong a solvent 
may pr.operly be called "alkali". The New Mexico Station (10) 
arrives at similar conclusions. 
Table I. Sodiuln Carbonate Determined in two' Field Samples 
of Soil by Several Different Methods of Water Extraction. 
Time 
White-Alkali Black_Alkali R atio of for 
Soil Soil Soil Equil- Met.hod 
p.p.m. p.p.m. to ib-
Na
2
C0
3 
Na2C0 3 Water 
130 I 2100 1:5 
1540 1730 1:2 
1807 
2630 
640 
1150 
509 
1495 
1340 
2173 
3480 
1310 
1630 
4464 
2957 
2830 
1:5 
1:10 
1:5 
1:5 
1:20 
1:10 
1:10 
rium 
124 hrs· ISkinner, W. W. Jr. Am. Soc. 
I I 28 (1906), No.1 pp. 77-80 . 12 hrs. ICal. Method-Ariz. Exp. Sta. 
I I 24 Ann. Rpt. p. 275. 20 min. IBur. Soils-Ariz. Exp. Sta. 
I I 24 Ann. Rpt. p. 275. . 24 hrs. IUtah Method-Ariz. Exp. Sta. 
I I 24 Ann. Rpt. p. 275. 24 hrs. /Mont. Method-Ariz. Exp. Sta. 24 Ann. Rpt. p. 275. 
2 hrs. ITexas Method- Ariz. Exp . Sta. 
I 24 Ann. Rpt. p. 275 . 
24 hrs. IAriz. Method-Ariz. Exp. Sta. 
I I 24 Ann. Rpt. p. 275. 15 hrs. IN. Mex. Method-Ariz. Exp. 
I 
I Sta. 24 Ann. Rpt. p. 275 
I (CaC03 subtracted- r est as 
I 
I Na2C03). 
24 hrs. IUtah Method- CaC03 and 
I MgC03 subtracted. 
COMPARISO J OF .METHODS OF WATER EXTRACTIONS 
OF CARBONATES 
In ·a series of experiments on the different methods of ex-
tracting the carbonates paralleling those of Arizona and New 
Mexico, the results shown in Table I were secured. The soils 
used in these experiments were from large samples taken from 
the upper three inches of small alkali knolls near Logan, Utah. 
These were dried and mixed thoroughly and used in many of the 
experiments reported here. One sample showed a white incrus-
tation and the other black. Of the methods used here, the Skin-
ner method and that of Arizona are intended automatically to 
eliminate the effect of the calcium salts. In the New Mexico 
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method they must be subtracted as bicarbonates and in all the 
others all basicity is reported as sodium carbonate to make the 
results comparable. The Utah Method (as described in the Ari-
zona Report) gives the highest carbonate content, possibly 
Table II. Salts R ecovered by WateT Extraction fr om Various 
Soils to Which it had Previously Been Added in 
' . Known Quantities. 
Na
2
C0
3 
I Na
2
S0
4 
Total Sa lts 
(p.p .m.) I (p.p.m.) By Evap or-/ By Electric 
a tion Bridge in E xtract 
Salt Added Na Cl 
(p.p .m .) (p.p.m . ) 
Greenville Loam 
~=-~~-~------'---~0 -'--'7~9~5--,--n2 ~67~4'-TI -, --02~5-~50~~--~1020 
1 000 101 8 I 3300 22 00 
5000 4446 I 6925 6720 
1 0000 9571 12"40 0 13200 
Na2CO :~ 
100 0 
5000 
100 00 
Na SO 
2 4 
1000 
5000 
10000 
None 
Na Cl 
1000 
5000 
10000 
Na2 CO:1 
1000 
5000 
10000 
Na SO 
2 4 
1000 
5000 
10000 
None 
NaCl 
1000 
5000 
10000 
Na CO 
2 3 
1000 
5000 
10000 
Na SO 
2 4 
1000 
5000 
10000 
o 
1311 
45 1 6 
79 0 9 
o 
1124 
4376 
4446 
1131 
3392 
6661 
672 
1131 
4400 
9081 
1714 
1696 
2685 
4664 
I 
33 99 
7759 
12929 
2550 
6200 
11000 
2 600 
6400 
11 200 
135 0 
3790 
742 0 
1 84 0 
5380 
10420 
Sand 
251~0--~~1~1~3~0~~--~9~6~0 ----
3581 
7327 
12911 
P eat 
2571 
341 1 
7010 
11 925 
2500 
6200 
11350 
2225 
5775 
11650 
2450 
5200 
. 12500 
7775 
8350 
12650 
17550 
7275 
9150 
12200 
86 75 
11075 
1 5700 
2260 
6540 
13440 
156 0 
5640 
1180 0 
1910 
5480 
10520 
39 10 
4940 
9540 
14980 
4060 
5160 
6540 
4450 
7840 
12280 
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sa lt obtained f r om soils by water extraction. 
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because of the high calcium and magnesium extraction. In the 
experiments reported therein a longer period of agitation and a 
larger proportion of water to soil was used than we have employed 
in much of our later work, where the results are to be expressed 
simply as the sodium salts. It is significant that the standard 
figures for the toxic limit of the salts are derived largely rrom 
the work of Hilgard (1 ) who, in his analyses, expresses all 
soluble salts as the sodium salts. 
48"000 
42000 
36000 
30000 
24000 
18000 
12000 
6000 
NaC' 
Toral 
Salts 
Fig. 2.- Effect of varying tb e time of settling on the amount o f salt 
obtained from oils by w a te"r extraction. 
A TEST OF THE WATER-EXTRACTION METHOD ON 
SYNTHETIC ALKALI SOILS 
In order to test the method of water-extraction as a means of 
determining the an10unt of salt that had previously been added to 
the soil, an experiment was conducted in which various quantities 
of the three salts- sodium chlorid, " sodium carbonate, and 
sodium sulfate-were added in solution to sand, loam, and peat ; 
allowed to stand for two or three weeks, and then the soils tested 
by water-extraction. In these extractions 50 grams of soil were 
added to 1 liter of water which was agitated for 8 hours and then 
allowed to settle over night and filtered through a Chamberlain-
(18) Hilgard, E. W.-"Soils". 
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Pasteur filter. The results which are given in Table II show a 
fairly accurate determination of the sodium chlorid and sodium 
sulfate, but only a partial extraction of the sodium carbonate in 
the soils containing organic matter. The addition of 1000 parts 
per n1illion of sodium carbonate t o peat soil reduced the basicity 
below the original soil. This has not been satisfactorily explained. 
TOlal Salts 
4 
31'1000 , .WHITE f\LKALI SOIL 
JI1O . _ Blf\CK ALKRLI SOIL 
~S04 
Z4000 
6000 
II 
C) ., J J ~ I J 
<;:)0000000 
ocoocooc 
:::!~~~~~~~ 
• , •• , , r I 
W)OQO<:;)OoO 
.... Ir)O~cV')o. 
--C\l~ ~ ~ 
Fig. 3.- Effect of varying the prolJortion of soil to water on the 
amount of l:i ult ob tained from soils by wat er extractio . 
FACTORS I NFL UENCING THE WATER E XTRACTIO 
In order to determine what was the effect of varying some of 
the changeable factors in these water extractions a series of ex-
periments was conducted to determine the effect of a different 
t ime of agitation, a different period of settling, and a different 
proportion of soil to water. The soils used were the same soils 
used in preparing Table 1. The results are shown graphically in 
Figures 1, 2, and 3. The tests were run in cross series and each 
line represents an average of eight or m ore determinations. 
Those agitated from 1 to 10 I11inutes were stirred with a wooden 
p2.ddle, while those agitated from 1 to 8 hours were shaken in an 
oscil1ating shaker. None of these variables noticeably affects' 
the sodium chJor id or tLe sodium su!fa t e extraction, but the time 
of agitation, and especially the proportion of soil to water, has 
g very decided effect on the sodium carbonate extraction. In 
fact, in the white-alkali soil where there was relatively little 
sodium carbonate and a large amount of the other salts, the 
basicity of the extract seemed to be the same regardless of the 
amount of soil that had been added to it. This phenomenon was 
not observed on the black-alkali soil. These results are sufficient 
to justify the conclusion that in testing alkali soils by water ex-
traction the carbonate determined varies largely with the pro-
portion of soil to water, and that this variability in turn varies 
with the nature of the soil and especially with its organic content. 
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THE CARBONATE PROBLEM 
To study this problem a little further another experiment was 
conducted. Synthetic soils were made up of mixtures consisting 
of loam and sand, loam and clay, loam and peat, pure quartz sand 
and peat, and local sand and peat, in varying proportions. To 
these a certain amount of sodium carbonate was added in solu-
tion. These soils were placed in covered jars, allowed to stand 
for about six weeks, and tested by water extraction, using 1 p~rt 
of soil to 5 parts of water and 1 part of soil to '10 parts .of water. 
The results are shown graphically in Figures 4 and 5. These 
figures show a, wide variation in the absorption of the carbonate, 
but also show in a general way that the absorption is proportional 
to the organic matter present and that the stage of equilibrium 
is very largely dependent on the amount of water used. The 
extraction is relatively less where a small amount of the salt was 
a,dded originally. 
PPM 
12,000 
1/ ,000 
10,000 
5000 
8,000 
7.000 
6,000 
5,000 
·..000 
I ,~ No.;COsOri9iona/1y 
I ' nr1nnr' .......... ,...,,...,i ll r'" rl I i in soil 
-....tHHt-H-IHf-+HfH+-+-4-#-+HfH+-H-I-I-+l'-H-+-'I--H-#-+I-H-~I-#-~F..-;" O'OOO p. P.M. 
Added toeach 
• Na.zCOs Found by 
I /:5 extrac tion 
~f\dditjonal Na.zCf?r 
by /:/0 extractIon 
Fig. 4.-Effect of soil type on the amount of sodium carbonate obtained 
from soils by water extractions wit,h two different proportions 
ot soil to water. 
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A Study of Methods of Determining Soil Alkali 11 
Ir: III~ I II 
I; I ~ I~ ~ ~ I I ~ .~ I I ~ I~ 
I § II ~ IE:: .~ ~ • .. ~ I~ .~ I • ~~ .~ 
IOOOLliJ [JJ OJ rn IT] OJ OJ IT] rn iJ LIJ ~ [] O]OJ IT] CD []] OJ 
~~ .6 ~ I.[') iQ d Iri 0 It") c:) Ifi '20 ~ vi ~ D iii d I.Ii <::::> ~ --C'\jC'\jMto Q: -- ~ ~!V)\'0 N I J., I J.. I I I I I' I I I I I I I I I I 15 § ~ :-..: ui ~ c:) .n c3 tr) c:) th Ci-gd ~ If) ~ a u-i d ~ c::; I.ri 
;:'\1) __ <:n <n VI Q') co co t:--. t"- <.0 l) CjC O"l en 0) (T) co 00 c..... " u> 
C> ..311)- -
Fig. 5.-:illffect of various amounts of organic matter and of various initial 
percentages of the salt on the am ount of sodium carbonate 
obtained from sands by water extractions with two 
different proportions of soil t o water . 
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Table III. A ' CoinpaTison of the Results of DijJeTent 1l1ethods of 
Testing for the Total Salt Content in Field Soi ls· Sum of 
Chlorid as NaCl, Carbonates as Na2CO g , and 
No. of 
Samples 
339 
206 
Sulf,ates as N a2SO 4 Used as 100 per cent. 
IMean Per centl Prob. Error in Per I 
I of Sum Cent of Mean I Method 
I 112.4 I 23 IEvaporation of extract 70.8 33 Electrical resistance of 
I I I soil in bridge 
ANALYSES OF FIELD SOILS BY DIFFERENT METHODS 
COMPARED 
In connection with the study of different methods of testing, 
some interesting data may be observed by comparing the results 
of various anaylses of field soils that have been made in this 
laboratory by two or more methods. A group of experiments has 
been summarized in Table III. In preparing this table the sum 
of the chlorid, carbonate, and sulfate ions determined in a 1 : 10 
water extraction and expressed as the sodium salts, was used as 
the standard and the methods of determining the total salts by 
the electric bridge and by evaporation were compared wIth it. In 
determining the total salts in the extract by evaporation, consid-
erable difficulty was at first experienced in securing results that 
would agree consistently, due of course to 'the difference in the 
volatilization or dehydration of the different salts. After trying 
several methods, one was found that gave results in which the 
duplicates agreed consistently. This method consists essentially 
in evaporating 20 cc. of the extraction to dryness over a steam 
bath in a small glazed porcelain evaporating dish, which was then 
wiped dry, cooled in [I, dessicator and weighed on analytical bal-
ances. In tabulating these' results to avoid a confusing number 
of figures, only the mean number of samples and probable error 
of the individual determinations expressed as the per cent of the 
mean are given. This probable error is the per cent of the mean 
which marks the limits above and below the mean within which 
one-half of the determinations will come, assuming that they 
follow the curve of normal probability as they usually will. 
It is calculated from the formula P. E. (per cent of mean) 
l~d2 
67.45xY n where ~d2 is the sum of the squares of the 
M 
differences between each individual result and the mean; n is the 
number of samples, and lVI is the arithmetic mean or average. 
The probable error between two figures, each of which was 
directly compared with a third, was determined by t aking the 
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square root of the sum of the squares of the probable· errors be-
tween each of the two figures and the third. 
The results show that evaporation gave an average of 12112 
per cent more salt than was expressed as the sum of the extrac-
tion results, which must probably be charged to nitrates, mag-
nesium instead of sodium salts, colloidal particles that got . 
through the filters, and water of crystallization not given off. 
The electrical bridge, on the other hand, used with the tables 
given in Bureau of Soils Bulletin in No. 61 gives results in these 
tests with actual soils that average only 70.8 per cent of the sum 
of the salts with a rather wider deviation even than the evapora-
tion results. 166 of these soils were tested for . the depression of 
the freezing point giving an average depression of 10 Centigrade 
for each 10,635 parts per million of total salts with a probable 
error of 59 per cent of this. These results on actual soils are 
given separately because there is no absolute method of knowing 
the actual content of the soil. These relationships are discussed 
more fully where studied with synthetic soils. 
ANALYSIS OF SYNTHETIC SOILS BY DIFFERENT METHODS 
COMPARED 
Tables IV-VI give comparisons of the methods of testing made 
in synthetic soils to which the salt had been previously added in 
solution. Table IV shows the percentages of the salt added that 
Table IV. Percentages of Salt Added to Soils Determined by 
Water Extraction. 
I ~-------~ II ..... ~ rIl ~ ~ roo rIl ..... ~ ro ~ro 0) ..... 0) 0) ~ ..... 0) ~ • .-< 0) p. 0)'0 ;.,~ P. 0)'0 8~ 0)'0 ~~ .-.'O~ El o 0) 0 O"'-o--=- S o 0) 0 "' '0 --:- o 0) 0 ~ ..... ~~ ~b ~~ ;., ..... ~~ 00) ro 0) 0 ~ 0 o 0) S .:d ~ 0 w. 0) S 0)0 ~ 0 
ro '0 • W. o.~ iil ..... '0' W. O)ro r;i1 ..... ro",:g ~ w. o.~ iil ..... z'O 0. ro""' 'O >=:< o.~ i ~o. ~ ..... . ~ ~ ..... .~ '0 1 ...., .~ 0 ~ ~ 
.00) Z ~3 0 ~ ~ .00) Z~3 ~ ~ .0 0) 
0 ~iil 0 0 0 roiil o 0 0 ~iil 0 0 ~ ;., 0) ;.., . P:: ~ z ~ 1l-4 0) Z ~ ll-4ai 2; ~ 
0. 0. , 0. 
I (p.p.ill.) I I ( p.p.ill .) I I ( p.p .ill,) 
None !15( 196.3) 21 1 None 1 5( 727.8) 35 one 11 5( 454.4) 36 
I. 
500 151 169.8 1 500 115 172.91 200 11 5 193.7 44 29 20 
400 /15 123.0 13 1000 15 95.91 25 1000 14 141. 81' 23 GOO 15 1$)9.4 11 2000 15 58.5 19 2000 15 123.7 1 16 
800 115 1 107.2 8 3000 115 1 57.0 15 3000 15 119 .31 12 
1000 114 108 .2 12 4000 115 51.7 10 1 4000 15 115 .01 14 1500 115 102 .9 10 5000 15 51.1 15
1 
5000 15 111.4 1 16 2000 115 102 .7 8 6000 15 50.4 36 6000 15 113.3 13 2500 115 104.3 12 1 7000 15 48.5 17 70001151 115.7 1 12 3000 l i ~ 1 99.8 \ il 8000 15 49.3 \ 38 1 8000 15 \ 119 .5 1 16 35 00 97 .1 9000 11 51 50.3 14 1 9000 15 111.0 13 4000 11 51 95 .3 1 10000 115 1 49.1 1 1 31 10000 115 1 10 8. 1 11 
Average I I 113 .0 1 13 1 I 1 66.5 1 21 1 1 I 122.9 1 17 
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could be extracted by water extraction (1 : 10) which averaged 
alout 113 per cent of the sodium chlorid, 67 per cent of the 
sodium carbonate, and 122 per cent of the sodium sulfate. Here, 
as in all our results, there is shown a large absorption of the 
sodium carbonate, especially in the soils containing a large 
amount of organic matter. The high percentage of the other 
results is largely due to the salt already contained in the soil, 
before the addition. The variation in results is also larger in 
soils rich in organic matter. Table V 'shows the per cent of salt 
added that w~s' detected by the electric bridge. These results 
run high in the chlorides, low in the carbonates and nearly right 
on the average for the sulfates. In every case the bridge reads 
relatively higher for the small amounts of added salts and rela-
tively lower for the larger amounts. The bridge readings as 
compared with the sum of the extractions here give 152 per cent 
for the chlorides, 73.4 per cent for the carbonates, and 92.8 per 
cent for the sulfates with an average of 106.1 per cent as com-
pared with 70.8 per cent obtained with the actual soils. \Vl,v t hese 
percentages run so high is not clear. The freezing point results 
are not given in parts per million of salt but are put down as 
actual degrees of depression (Centigrade) with the soil at 20 per 
cent moisture for a comparison with crop production data as 
given later. The deviation is as small at least as with the other 
Table V. Percentages of Salt Added to Soils Determined by 
the Electric Bridge. 
None 
200 
400 
600 
800 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
Average 
/ 
(p .p.m.) 
13( 918 .0) 
1
14 358.2 1 
15 240.7 
15 192 .5 
15 179.2 
15 176.0 
15 160.2 
15 153.1 
15 145.8 
15 140.9 
15 134.4 
115 125.4 
I 182.4 1 
/ 
I (p.p.m.) 
51 None 115 ( 705 .0
r 
36 500 115 149.4 1 
31 1000 14 71.0 
32 2000 15 44.3 
34 3000 15 36.8 
23 4000 15 34.8 
22 5000 15 38.5 
17 6000 15 38.3 
26 7000 151 38.5 
17 8000 15 40.1 
15 9000 15 39.5 
20 10000 115 1 39.0 
25 1 I 1 51.8 1 
I I (p.p.m.) 
44 1 None 114( 637.0) 29 
37 1 500 114 / 195 .6 1 19 
341 1000 13 135.0 14 
30 2000 14 104.9 20 
20 3000 14 87.2 12 
21 4000 14 80.9 19 
24 5000 14 79.0 14 
22 6000 14 77 .7 22 
20 7000 /14 71.4 16 
20 8000 14 68.7 17 
21 / 9000 /14 / 70.5 1 13 
22 10000 14 68.5 1 21 
25 1 11 94.5 1 17 
A Study of Methods of Determining Soil Alkali 15 
Table VI. Depression of the Freezing Point of Soil to Which 
Different Amounts of Salt Had Been Added-Degrees 
Centigrade. (Soil at 20 pe1" cent Moisture)· 
~ ~ 
til .... -+-' ~ ro til .... -+-' ~ ro til .... -+-' ~ ro 
ell o ~ .... ell ell o.S ..... ell ~ o.S .... ell 
..... A 1 " A ~~ ,-.. ~ 0 8 ~ ~..-\ --: S ~ 0 8~ ~ 0 
_'0-; S 00-« 2.... 0 <> >0 S S 00-« ~ .... 0 ~ S 00-« ~ .... o ell c;l ..... b.O I ~o o~ ro 'm b.O I~o rn~.~ 'm bll ~ 0 ro '0 . ~ ~ ~ -+-' "' .... ~ rn ~-+-' rn til s:l til ~ 
'00. ell'~ I ~i (~~ I 'O ell· .... .s:l z~~ I ~ I ell· .... I£i l ~ <8 1 ~ 1 ~ N ~ N ~ N .!:Jell 0. ell 0. ell 0. ell 0<:'> ell ell ell ell ell ell q~ q~ ~ . 0 I q~ ~ ~ O-«@ Z 0-« ell 0. 0. 
None 131 1 .41 1 21 1 None 129 1 .76 1 21 1 None 27 .31 1 7 
1
31
1 
I 1 53 200 .49 19 500 30
1 
.75 15 500 27 .41 
400 
1
31 .55 15 1000 30 .77 13 1000 27 .45 30 
600 31 .61 12 2000 30 .83 12 2000 27 .57 18 
800 31 .70 11 3000 30 .89 9 3000 27 .72 17 
1000 
1
29 .83 18 4000 30 1.05 15 4000 27 .87 24 
1500 31 .98 8 5000 30 1.18 18 5000 27 1.04 20 
2000 31 1.23 11 6000 30 1.30 21 6000 27 1.14 20 
2500 31 1.44 14 '7000 30 1.46 23 7000 27 1.19 17 
3000 31 1.66 13 8000 30 1.69 26 8000 27 1.28 13 
3500 31 1.85 15 9000 29 1.78 23 9000 "27 1.30 11 
4000 31 1. 93 1 18 10000 29 1.91 22 10000 27 1.45 13 
determinations. Calculating from these figures 10 Centigrade 
depression corresponds to 2,524 parts per million added sodium 
Table VII. Dry Matter of Wheat Produced in Three Weeks on 
Soils to Which Different Amounts of Salts Had Been 
Added-Expressed as pe1' cent of Production 
None 
200 
400 
GOO 
800 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
1 (grams) 1 
1612( .0636) 51 1 
1150 1 
11501 
1150 1 
L50 1 
1150 
1150 1 
1150 1 
1150 1 
1
150
1 150 
1150 1 
114 .0 
104.7 
113.4 
103.9 1 
97.8 1 
81.4 
65.0 / 
50.4 
38.9 1 
22.9 1 
16.3 
49 
39 
42 
52 
45 
59 
54
1 
63 
70 
92 
115 
of Untreated Soils. 
>=: 
ro 
ell 
1 (grams) 1 
None 1612( .0636) 51 1 
500 1150 126.3 64 \ 
1000 1150 111.0 48 
2000 150 83.3 21 
3000 150 65 .3 - 29 
4000 1501 37 .2 75 
5000 150 1 21.5 92 
6000 150 13.8 102 
7000 150 8.1 153 
8000 150 1 4.8 239 
9000 1150 4.2 130 1 
10000 1150 1 2.6 280 
'0 ~ to ~ ro ~ -+-'~ ..... ell 
0. ,..q-+-' ~~ ,.-. b.O§ 
... '0 . S 0 o ell S '80 ~ .... ro ~ 0 
rn'O' rn ~-+-' ~-+-' 
.<-' ''0 ~ Z ~ 0. .... s:l .~ 0 »ell 
.!:Jell , '-' ~ <:.> <:.> 
(grams) 
None 612( .0636) 51 
500 150 111.3 \ 46 
1000 1·50 94.2 1 42 
2000 150 90.7 42 
3000 150 78.3 1 415 
4000 150 68.4 1 50 
5000 1150 54.5 59 
6000 1501 42.3 1 72 
7000 150 35.7 95 
8000 1150 27.7 99 
9000 1150 1 22.8 1 115 
10000 150 15.81 125 
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chlorid, 15,871 parts per million added sodium carbonate., and 
7,494 parts per million added sodium sulfate as compared with 
10,635 part s per million total salts by extraction from field soils . 
. CROP GROWTH ON SOILS TO WHICH A KNOWN AMOUNT 
OF SAur H AD BEEN ADDED 
In studies of the toxicity of the different salts as added t o the 
different soils in the laboratories, there has been collected a large 
amount of material showing the relation of crop germination and 
growth t o the · salt added. In these experiments wheat was 
planted in prepared alkali soils and notes taken on the per cent 
germination, the time required for germination and the dry mat-
ter produced in three weeks after planting. The results are shown 
in Tables VII-IX. In combining these results it was found that 
the wEather conditions and other factors made the absolute 
figures obta ined at different times incomparable, so in each case 
the crop production is expressed as a per cent of that on the 
control soil that was placed beside it and to which no salt was 
added. This method also has the advantage in other exper i-
ments· in that the relative crop production of different crops may 
be compared. The absolute crop production is given for the 
Tab le VIII. Numbe1' of Wheac Plants Germinating in S oils to 
Which Different A'mounts of Salts Had Been Added-
E xpressed as per cent of Germination in 
Untreated S oils. 
~ I '0 s:l I '0 s:l s:ltll I-< s:ltll I-< ..... 0} rJl ..., ..... 0} rJl 0} rJl"'" I-<~ 0} rJls:l I-< ~ 0} ~ ~; 0. ....,~ ..-. 0. ""'0 '<!< ..-. 0. s:lo 0 o~~ S ~ o 0 0 .0 . S ~o 1-< ...... S 1-< ...... S 00} p::...., 1-<0 I-< 0 W :u S til ~ • til r.1...., o ~· til 0:;...., r.1...., <-, '0 ~ til z'C Po W s:l "" ~ ~ w ~ tIl ~. rn ~~ • 0} s:l cd ~ Po 0} s:l Z 3 0 0 '0} ' (1) 0 .g o Z '-' 0 '0 .g o 0 ZI-< _ 0 Z (1) I-< ~ Z Z I-< I-< I-< Z 
ll; ll; (1) (1) ll; (1) 
PI Po Po 
----- ---.--- --
J (av.n o .) 1 I (av.no .) 1 1 (av.no.)- -
1612( 5.48) 103 1 Non e G12 ( 5:48) 103 1 None 1612( 5.48) 103 
·2 0 0 1
1
1.50 / 102 .8 35 / 50 0 1 5 0 / 118.2 / 51 50 0 150 1 116.2 1 60 
40 0 1 5 0 \ 98.1 26 \ 1000 1 5 01 113 .1 1 54 1 0 00 11 50 1 100.6 1 34 
600 1 50 96.0 32 2000150 8 9.7 1 4 3 2000 11 50 1 97.3 : 38 
800 115 0 95 .91 34 30 0 011 5 0 74.2 1 5 7 3000 11 50 1 85. 91 43 
1000 115 0 91.6 33 40 00 /1 50 1 53.5 60 4000 11 50 1 7 9.3 39 
1500 j15 0 82 .5 37 500 0 1 50 / 38.4 / 66 • 5000 11 5 01 69 .91 64 
2000 1150 74.4 39 600 0 1 50 28 .1 . 98 6000 15 0 55.8 1 55 
2500 1150 59 .5 48 7000 150 / 21.0 1. 1 0 9 / 7 00 01150 47 .31 63 
~ooo 150 1 52.1 56 8000 1 50 15 .0 1 2 7 800 01150 1 35.8 1 80 
3500 1150 1 36.4 1 721 9000 150 / 13 .1 140 / 9 0 0 011 50 1 31.4 1 88 
_4 0_0_0_~1 1._5_0.:....1 _ 2_4._8.:....1 _ 9_1:-1 _1_00_ 0_0.-:..11_50 8:~ 6-,-1000 0 ,15 0 23.7 1 9 9 
None 
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control soils in each case for the purpose of comparing the prob-
able error. 
Table IX. Average Number of Days Required for GeTmination 
of Wheat in Soils to Which Different Amounts of Salts 
Had Been Added-Expressed as per cent of the Days 
to Germinate in Untreated Soils. 
--------------.,-- ---------
!1.l 
ev 
A 
S 
cO 
rn 
o 
Z 
ev ev I ev 
...., t:l ....,..... t:l ....,..... t:l 
cO ..... t:lcO cOo t:lcO cOo t:lcO .s~ · ... ev !1.l .S!: · ... ev !1.l t:l,., • ... ev s~,.,~ ev ~ §,.,~ .! s~ ,.,~ 
,., 0 ? ~ "" 'C """s' ..... SA '" 0 ~ ~ ~'C """s· AS ~ 8 ~ ~ evo 1::0 0 ev ....,.,0 0 ev 0 ~...., r_, 'C' cO ~...., r_, rn'C' cO ~...., &1 
1"-1...., 0 'C A rn 1"-1...., ... co 'C ~ rn 0 t:l ~ 
.B ~ . § ~'" < p. .B ~ . § .~ < ~ ...., ~ . Q) 
..., oge.> Z '-' 0 l oge.> fC-< 0 oge.> 
I g~ ~~ j Z l g~ I ~~1 I Z l g~ ~~ 
-----'1'----. -',1-;-(7da- y-s7);-1 -.....:,---~----T-I (,..;d;-'-a-ys---)-';-I-----T-\ 1 I (days )-1 --
None 38 None 1522 1( 7.7) 38 
/
522
1 
7.7) 38 None 1522 1( 7.7) 
200 
400 
600 
800 
1000 
1500 
2000 
2500 
ROOO 
3500 
4000 
22 500 147 113.41 19 
28 1000 145 122.1 19 
29 2000 140 149.2 23 
23 3000139 174 .8 25 
33 4000 134 199 .9 30 
29 5000
1
129 227.1 30 
24 6000 115 237.0 26 
24 7000 105 254 .0 26 
24 8000 1 82 249 .6 26 
18 9000 / 71 269.2 24 
23 10000 64 278.9 23 
1
1481 109.2 28 500\146 111.6 
144 117.1 23 1000 144 125.6 
144 125.7 27 2000 137 144.6 
/143 137.7 27 3000 120 151.9 
140 144.3 29 4000 104 176.9 
1
137 170.5 28 5000 85 195.6 
1
1 34 199.5 28 6000 67 221.3 
124 227 .6 25 7000 57 249.6 
1
115 248 .0 28 8000 49 257 .9 
98 268 .6 30 9000 41 264.7 
I 81 276.4 24 10000 1 32 285.6 
CROP PRODUCTION COMPARED TO DIFFERENT TESTS 
FOR ALKALI 
Since Tables IV -VI are prepared from the same experiments 
as Tables VII-IX, it wa thought desirable to combine them so 
as to secure separate data on the relative crop-producing power 
of soils (for wheat) that show different amounts of alkali by 
diffr:l' ent tests. These results should be of value as adding to 
existing data on the toxic limits of different salts, so that having 
made an analysis of an 'alkali soil by one of these methods a 
person can say ·more definitely how toxic it is. The results are 
given in Figures 6, 7, and 8, being given graphically to show at 
a glanee the general relationships. In the graphs the shaded area 
represents the limits of the probable error determined- as ex-· 
plained above, or the limits ' within which one-half of the results 
may be expected to fall. These limits are rather wide, especially 
in the low concentrations where they are of less importance. 
This is due partly to the fact that extreme types of soil are 
included and the method of determining the crop-producing power 
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in tumblers is subject to rather wide variation. The figures for 
the dry matter produced are used in spite of the fact that they 
give the widest deviation because they are in a way really the 
product of the number germinated, the time to germinate and the 
toxic effect of the salt on the seedlings and are therefore con-
1000. 2000. JOOO.4000. 5000 
Pans peT mil/,'on aU 5 0/, added 
Sa 17 by eli /TacT ion 
\I) Os: Illot-v+---
~ 
~ 
u 
c 
'" 
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~ 5Dt---Ir--ir"-+-..... 
~ 
;:: 
cu 
~ 
&: 
_2. -4- .6 .8 1-0 '-2 I-? 1·6 / ·8 2·01 
Depression of Freez ing poinl OC entrgraae 
Nael added 
Fig (; -Crop produced on soils containing different amounts of sodium 
c:b lOJ' id as determined by the amount added to the soil, the amount 
G termined by a 1: 10 water extraction, by the electric 
brid6'e, and by the freezing point depression. 
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sidered to be of more practical value. It is notable that the 
deviations are rather wide where a low concentration of the salt 
was added because other uncontrollable differences were the lim-
iting factors of production, but where the salt content becomes 
sufficient to be the sole limiting factor the deviations noticeably 
z,~-+--+-
2 vvt---t-t---+--H-
~ I !IOI---+---;f----+--!H-
~ 1 70t--t-t---+--lH-
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Fig. -;- _- --Crop produced on soils containing different amounts of so tli um 
carbonate a[~ determined by t h e amount added to the SOil, t!le 
amount determined by a 1: 10 water extraction, by the ' 
'electric bridge, and by the freezing point depression. 
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decrease. The probable errors given here are wide, but not so 
wIde as may be obtained by putting together the published limits 
given by different investigators from field studies, probably in 
part because in this experiment there was no uneven distribution 
of the salt at different depths to complicate results. 
These figures show that there is such a wide variation in the 
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Fig. 8 .-Crop produced on soils containing di fferent amounts of sodium 
sulfate as determined by the amount added to the soil, the amount 
determined by a -1: 10 water extraction, by the electri c 
bridge, and by the freezing point depression. 
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" 
toxic limits of an alkali salt as determined by different means, 
that in using any set of figures for the toxic limits of a salt, 
account must be taken of the method by which these figures 
were secured and the result modified accordingly. The freezing 
point and the electrical resistance methods as used here give such 
different results for the different salts as to make them only 
approximate when the composition of the salt is unknown. 
SUMMARY 
1. There are many different methods of determining and of 
expressing the alkali content of a soil. 
2. These different methods of analysis give widely differing 
results, especially with regard to the sodium carbonate. 
3. The amount of basic carbonate determined in a soil by 
water extraction varies with the organic content of the soil, with 
the time allowed for equilibrium, and with the proportion of soil 
to water used. 
4. There is a large absorption of the sodium carbonate that 
is added to a soil. 
5. The absorption of sodium carbonate by a soil is some-
what proportional to the organic content of the soil. 
6. Figures determined for the toxic limits of alkali salts in a 
soil differ with the different methods of determining the salt in 
the soil. 
7. Figures are given for the degree of toxicity of the three 
most important alkali salts-sodium chlorid, sodium carbonate, 
and sodium sulfate-as shown by germinating wheat kernels in 
soils to which these salts have been added in different quantities. 
8. Graphs have been prepared showing the relationship of 
the toxicity of these salts to different methods of determining 
the salt content of the soil. 
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